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(54) AC GENERATOR FOR VEHICLE 

(57) The heat radiating properties of the coil end 
sections of a stator are improved. The coil end sections 
(54 and 55) are arranged near the outer peripheral 
sides of cooling fans (33 and 34) and the coil ends on an 
outer shell side are brought into contact with frames (1 1 
and 12) through an insulating film (10a). In the sections 
(54 and 55), a plurality of coil ends are arranged apart 
from each other except their root sections so that the 
ventilation resistances in the sections (54 and 55) can 
become lower than those around the sections (54 and 
55). Therefore, a high heat radiating property is 
obtained, because most of a cooling wind passes 
through the sections (54 and 55) and comes into colli- 
sion with almost all coil ends. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an alternator 
for a vehicle which is mounted on a passenger car, a 
truck or the like. 

BACKGROUND ART 

[0002] Various improvements have been proposed to 
make an alternator for a vehicle more compact and 
more powerful. 

[0003] JP-A-6-46550 proposes using permanent 
magnets for increasing the output power of an alterna- 
tor. However, in order to comply with the demand for 
reducing the size of the alternator, the size of the cool- 
ing fan must be reduced. This reduces an amount of the 
cooling air, while Joule heat and, in turn, temperature 
rise increases as the output power increases. In other 
words, in order to provide a compact and powerful alter- 
nator, it is important to control temperature rise of, in 
particular, the heat dissipation of the armature coil in a 
limited space. 

[0004] Under these circumferences, J P-A-7- 194060 
discloses a water cooling system for an alternator 
instead of the air cooling system because of more cool- 
ing effect. However, it is apparent that the water cooling 
system inevitably requires water pipes and a water 
jacket disposed in the alternator and, therefore, the size 
and weight thereof increase. This is contrary to the 
object. 

[0005] In a common air cooling system, the coil-ends 
of an armature coil is mainly cooled, and various 
improvements thereof are proposed in the following 
publications: JP-B2-4-24939, JP-A-63-59744, JP-Y2-1- 
27406 and J P-A-57- 132743. 

[0006] Any one of those system has the following 
problems even although it has some effect. 
[0007] In JP-B2-4-24939, some spaces are provided 
between respective phase-windings so that cooling air 
can pass therethrough. However, the cooling air blows 
only on a part of the winding as the parallel flow whose 
cooling effect is proportional to 0.6 th power of a wind 
velocity and is not sufficient as compared with the right- 
angled flow whose cooling effect is proportional to a 
square of a wind velocity. Fig. 3 of the publication shows 
a coil end having wires spaced apart from one another, 
and cooling air passes the spaces between the wires. 
Although such a structure provides some cooling effect, 
an amount of the cooling air is limited because a half of 
the coil end is closely covered by another coil end as 
shown in Figs. 2 and 3 of the publication. 
[0008] In JP-A-63-59744, the coil end has some 
spaces for reducing the resistance of draft, and a cool- 
ing fan is provided to blow cooling air thereon in the radi- 
ally outside direction to increase the cooling effect of the 
coil and other parts. However, this structure, in which a 



Lundell type rotor has an axially long field coil and thick 
pole-core-discs to provide sufficient magnetic field as 
shown in Fig. 1 of the publication, has little effect 
because the fan is positioned between the middle and 

s the top of the coil end and does not cover all the coil 
end. In other words, although the spaces for the cooling 
air in the limited portion of the coil ends which corre- 
spond to the fan pass the cooling air, the cooling air 
does not cool the whole coil end. 

10 Because drafting spaces are formed circumferentially at 
equal intervals to correspond to the winding pitch of the 
coil ends, the cooling air compressed by the fan blades 
is decompressed periodically at the drafting spaces, 
thereby sounding a siren or pitch noises. 

15 [0009] In addition, the coil end units are shifted to pro- 
vide spaces after the coil ends are aligned and flattened 
to have sufficient surfaces. As a result, the axial length 
of the coil end is necessarily increased. This is also con- 
trary to the object. 

20 [001 0] JP-Y2-1 -27406 shows spaces between coils of 
the same phase winding. However, H does not show 
spaces between coils of different phase windings, as 
JP-B2 -4-24939 does not. For example, as shown in Fig. 
4 of the publication, most portions of a coil end other 

25 than the section A-A is closely covered by another coil 
end of a different phase winding, thereby limiting the 
cooling effect. 

[001 1 ] Although various trials to dispose each element 
of coil end has been made to improve the ventilation of 

30 the cooling air and the heat dissipation. However, 
although each one of them has a structure which has 
spaces between coil elements of the same coil end and 
is aligned with another and flattened to provide a large 
cooling air passage, the passage is covered by another 

35 coil end thereby increasing the draft resistance. And, 
only a limited portion near the fan is cooled and the fan 
noises increase considerably, causing troubles in practi- 
cal operation. 

40 DESCRIPTION OF THE INVENTION 

[0012] The object of the present invention is to solve 
the above-stated problems. 

[0013] Another object of the present invention is to 
45 provide a structure for introducing a cooling medium 
inside the coil ends, thereby improving heat dissipation 
of the coil ends. 

[0014] Another object of the present invention is to 
reduce noises in addition to the heat dissipation. 

so [001 5] In order to attain the above objects, the present 
invention adopts the following technical features. 
[0016] According to the invention as claimed in claim 
1 , the coil ends are spaced apart from one another to 
form a zigzag-shape or lattice work in a section. In other 

55 words, they are spaced apart one another like star clus- 
ters so that the cooling air can pass through the inside 
of the coil-end portions. The cooling air collides with 
each of the coil ends and zigzags therein so that whole 
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surfaces of all the wires can receive high speed cooling 
air and heat exchange is improved, thereby increasing 
heat dissipation and cooling effect. 
[0017] Because the cooling air causes numerous 
reflection and absorption of sound waves repeatedly 
with a large number of coils and spaces being disposed 
therearound, noises can be reduced drastically. In addi- 
tion, because the coil end portions are not flat but 
bulged like star clusters, the cooling air is scarcely 
impeded. It is possible that a plurality of the coil ends 
are bundled to form a plurality of bundles and spaces 
among the bundles. If the number of the coil ends in a 
bundle increases, the surface of each of the coil ends 
exposed to the cooling air decreases to reduce the heat 
dissipation. Therefore, it is preferable that each bundle 
has two or three coil ends. 

[0018] Preferably, a large number of coil ends are 
evenly distributed in one of the coil-end portions. How- 
ever, they can be divided into a plurality of groups in 
either axial or radial section thereof. For example/as the 
invention as claimed in daim 2, comparatively small 
spaces are distributed in each of X,Y and Z-phase- 
windings, and the coil ends are formed to extend from 
base portions thereof at an angle from one another. 
Accordingly, the armature coil can be mounted easily. 
[001 9] According to the invention as claimed in claim 

3. the ratio of the diameter of a wire of the coil ends to 
each size of the spaces in the coil-end portions is fixed 

-to provide a maximum heat dissipation. Preferably, the 
size of the spaces is between the diameter of the wire 
and about 1/10 of the diameter. Therefore, the coil ends 
inside the coil-end portions can receive the cooling air 
sufficiently. 

[0020] According to the invention as claimed in claim 

4, a plurality of the coil ends extending from one of slots 
are bonded by an impregnant adhesive only at the base 
portions to close the spaces. The base portions, which 
are subject to a maximum deformation moment, are 
reinforced by an adhesive, and other portions have 
enough open spaces for heat dissipation so that both 
vibration resistance and heat dissipation can be 
improved. 

[0021] According to the invention as claimed in claim 

5, each of the coil ends inside the coil-end portions is 
arranged to improve the heat dissipation. A plurality of 
coil ends are formed into layers so that the cooling air 
can pass between layers and reach deep in the coil-end 
portions. The coil ends can be disposed in parallel with 
the rotor axis, on top of one another in the radial direc- 
tion from the rotor axis or like the spokes of a wheel. 
The coil ends can be disposed in multiple layers, and 
the spaces are formed between the coil ends and 
between the layers ends. 

[0022] According to the invention as claimed in claim 

6. cooling air passages are formed between the layers 
to open at axial ends of the coil-end portions. Thus, the 
cooling medium can be introduced from the axial ends 
of the coil-end portions. The passages of the cooling 



medium are disposed along the center axis of the coil 
ends so that the cooling medium can be supplied to the 
inside of the axially extending coil-end portions toward 
both inner and outer directions evenly, thereby providing 
5 even heat dissipation of the coil-end portions. 

[0023] According to the invention as claimed in claim 

7, a cooling fan is disposed radially inside the coil-end 
portions, one ends of the coil-end portions are disposed 
radially inside the inner periphery of the stator core, and 

10 the coil-end portions are tapered to cover the cooling 
fan. Therefore, the coil ends can be distributed wide. 
[0024] According to the invention as claimed in claim 

8, the coil-end portions are disposed near the frame at 
a distance approximately equal to a size of the spaces. 

is Therefore, the cooling medium can pass the inside of 
the coil-end portions more easily than between the coil- 
end portions and the frame, thereby improving the heat 
dissipation. 

[0025] According to the invention as claimed in claim 
20 9, the coil-end portions are in contact with the frame to 
increase the resistance of draft and cooling medium 
passing through the inside of the coil-end portions, so 
that heat of the coil ends can be transmitted to the 
frame, thereby lowering the temperature of the coil-end 
25 portions. 

[0026] According to the invention as claimed in claim 
10. a flexible heat conductive insulating member is dis- 
posed near or in contact with the coil-end portions to 
insulate the coil end from the frame and transfer the 
30 heat of the coil ends to the frame if the coil-end portions 
are disposed near the frame. 

[0027] In order to increase the resistance of draft 
around the coil-end portions, the base portions of the 
coil ends near the stator core - where the coil ends 

35 extend from the slots, and the cooling air can pass eas- 
ily - are provided with insulating films extending from 
opposite ends of the stator core to close the spaces 
between the coil ends and the stator core according to 
the invention as claimed in claim 1 1 . Thus, the cooling 

40 medium can be introduced into the inside of the coil end 
from portions between the coil-end portions and the sta- 
tor core. 

[0028] According to the invention as claimed in claim 
12, a centrifugal cooling fan rotatable with the rotor is 

45 disposed radially inside the coil-end portions closely 
thereto, whereby the coil-end portions are disposed in 
an area where the wind power driven by the cooling fan 
is the strongest. Accordingly, high speed air blows can 
be supplied to the inside of the coil-end portions directly 

so in addition to the cooling air caused by a difference in 
the resistances of draft between portions around and 
inside coil-end portions, thereby providing highly effec- 
tive heat dissipation. The coil-end portions composed of 
tight bundle of the coil ends with few spaces must be 

55 located remote from the cooling fan. For example, the 
distance from the cooling fan is about 5 % of the diame- 
ter of the cooling fan. On the other hand, the coil-end 
portions according to the present invention, which have 
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a large number of spaces with the sufficiently low resist- 
ance of draft, can be located as near as 2 % of the diam- 
eter of the cooling fan from the same. 
[0029] According to the invention as claimed in claim 

13, the rotor has a Lundell type pole core, the cooling s 
fan and a barrier member for closing U-shaped open- 
ings of a disc portion of the pole core thereby forming 
wall surfaces of the U-shaped opening into a fan, so that 
the quantity and speed of the cooling medium flowing 
toward the coil-end portions can be increased, thereby 10 
increasing the heat dissipation. In addition, the U- 
shaped openings are disposed to correspond to the fan 
blades of the cooling fan to generate the cooling air 
jointly by the cooling fan and the wall surfaces of the U- 
shaped openings. is 
[0030] According to the invention as claimed in claim 

1 4, the barrier member is disposed to correspond to the 
base portions of an end of the stator core. Therefore, 
the cooling air can be supplied sufficiently by the cooling 

fan and the wall surfaces of the U-shaped openings. 20 
According to the invention as claimed in claim 15, the 
barrier member is a non-magnetic member, a perma- 
nent magnet having the polarity to suppress leakage 
flux between the poles, or a magnet holder. 
[0031] According to the invention as claimed in claim 25 

16, the cooling medium is introduced from radially out- 
side the coil-end portions. Therefore, cooling air of a 
comparatively low temperature, which is not heated by a 
high temperature member such as the rotor, can be 
supplied to the coil-end portions, thereby increasing the 30 
heat dissipation. 

[0032] According to the invention as claimed in claim 

1 7, each of the coil-end portions of the armature wind- 
ing is formed by dividing wires extending from the same 
slot into two groups respectively directing opposite cir- 35 
cumferential directions. Therefore, the number of the 
coil ends can be reduced, thereby providing sufficient 
spaces easily. 

[0033] According to the invention as claimed in claim 

18, the armature winding comprises double-layered 40 
wave-wound windings. Therefore, the wave-wound coils 
can be formed by deforming flat bundles of coils to be 
inserted into the slots easily. 

[0034] According to the invention as claimed in claim 

19, the armature winding comprises 2n/3 -short-pitch 45 
windings. Therefore, interference between the coil ends 

is eliminated and the spaces between the coil ends can 
be provided easily. 

[0035] According to the invention as claimed in claim 

20, the armature winding can be provided with compact so 
coil ends, and each of the layers can be shifted easily to 
pass the cooling medium between the layers easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0036] 

Fig. 1 is a longitudinal cross-sectional view illustrat- 



ing an alternator according to an embodiment of the 
present invention; Fig. 2 is a plan view illustrating a 
portion of a stator having the coil ends; Fig. 3 is a 
cross-sectional view illustrating a portion of the sta- 
tor having coil ends; Fig. 4 is a graph showing a test 
result; Fig. 5 is a graph showing a test result; Fig. 6 
is a schematic view illustrating the flow of cooling air 
in the coil ends; Fig. 7 is a cross-sectional fragmen- 
tal view illustrating a portion according to another 
embodiment of the present invention; Fig. 8 is a 
cross-sectional fragmental view illustrating a por- 
tion according to another embodiment of the 
present invention; Fig. 9 is a cross-sectional frag- 
mental view illustrating a portion according to 
another embodiment of the present invention; Fig. 
10 is a plan view illustrating the coil-end portion 
according to another embodiment of the present 
invention; Fig. 11 is a cross-sectional view of the 
coil-end portion illustrated in Fig. 10; Fig. 12 is a 
plan view of the coil-end portion illustrated in Fig. 
10; Fig. 13 is a perspective view illustrating a rotor 
according to another embodiment of the present 
invention; Fig. 14 is a cross-sectional view of an 
alternator according to another embodiment of the 
present invention; and Fig. 15 is a cross-sectional 
view illustrating a magnet wire according to another 
embodiment of the present invention. 

BEST MODE OF CARRYING OUT THE INVENTION 

[0037] Alternators according to an embodiment of the 
present invention is described hereafter. 
[0038] A basic structure of an alternator for a vehicle 
is described with reference to drawings. Fig. 1 is a frag- 
mental cross-sectional view illustrating an alternator for 
a vehicle. 

[0039] The alternator 1 has a frame 10. The frame 10 
is composed of a front frame 11 and a rear frame 12, 
which are fastened by a plurality of bolts 13 each other. 
The frame 10 has inlet openings 14 and 15 of cooling air 
on the opposite ends thereof. The frame 10 also has a 
plurality of slit-like outlet openings 1 6 and 1 7 of the codl- 
ing air on the circumferential surfaces thereof around 
later-described cooling fans. 

[0040] A rotary shaft 20 is rotatably supported by the 
frame 10. A pulley 21 is fixed to an end of the rotary 
shaft to receive engine torque. A rotor 30 is carried by 
the shaft 20 at the middle thereof. A current collector 42 
composed of slip rings and brushes is disposed at a 
rear portion of the shaft 20 to supply field current to a 
field coil 32. 

[0041] The rotor 30 has a Lundell type pole core 31 
and aiield coil 32 disposed in the pole core 31 . The pole 
core 31 is composed of a pair of claw poles 31a and 
31b. Each of the claw poles 31a and 31b has a boss 
portion 31c fitted to the shaft 20 and a disc portion 
extending radially outside from the boss portion 31c and 
a plurality of claw pieces 31 e. In Fig. 1, portions 31c. 
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31d and 31 e of the claw pole 31a are indicated. 
[0042] Cooling fans 33 and 34 are fixed to opposite 
ends of the rotor 30. The front cooling fan 33 has fan 
blades for a centrifugal fan and fan blades for a mixed 
flow fan. Each of the fan blades for a mixed flow fan is 
disposed on a surface of the disc 31 d along a side of U- 
shaped openings formed between the adjacent claw 
pieces. The rear cooling fan 34 has centrifugal fan 
blades. 

[0043] The rotor 30 has an auxiliary magnet unit 35 for 
increasing effective magnetic flux. The auxiliary magnet 
unit 35 is disposed between the claw pieces 31 e so that 
the auxiliary magnet unit opposes magnetic force ol the 
claw piece adjacent thereto. The auxiliary magnet unit 
35 is composed of a plurality of permanent magnets 
each of which is disposed between a pair of claw pieces 
and a magnet holder for preliminarily integrating all the 
permanent magnets. The magnet holder has boxes 
holding the permanent magnets, each of which is dis- 
posed between two of the claw pieces. The permanent 
magnets are magnetized to oppose the adjacent claw 
pieces, and the magnet holder is made of non -magnetic 
resinous material. The auxiliary magnet unit 35 is dis- 
posed so that the axial ends thereof correspond to the 
axial ends of the stator core 40. The axial ends of the 
auxiliary magnet unit 35 functions as a partial barrier of 
cooling air flowing between the claw pieces 31 e. 
Accordingly, the wall surface (e.g. 31d in Fig. 13) of the 
U-shaped opening causes air flow flowing radially out- 
ward. Incidentally, the permanent magnets may be 
exposed from the magnet holders on the axial ends of 
the auxiliary magnet unit 35. 

[0044] The stator core 40 is disposed around the rotor 
30. The stator cord 40 is fixed to the frame 10. The sta- 
tor core 40 is composed of cylindrical laminated steel 
sheets and has a plurality of slots on the inner periphery 
thereof. 

[0045] An armature winding 50 composed of an insu- 
lated magnet wires is wound on the stator core 40. The 
armature winding 50 has portions disposed in the slots 
and coil-end portions 54 and 55 extending axially from 
the stator core 40. Fig. 2 is a perspective view illustrat- 
ing the armature winding 50 and the stator 40. 
[0046] The armature winding 50 is a three-phase 
winding composed of an X-phase-winding, a Y-phase- 
winding and a Z-phase-winding. The coil-end portions 
54 and 55 are composed of a plurality of coil ends 56 
crossing over the slots. 

[0047] Portions of the coil ends 56 on the outside of 
the coil-end portions 54 and 55 are in contact with inner 
peripheries of the frames 1 1 and 1 2 via heat conductive 
insulating layers 10a. The insulating layers 10a are 
formed on the entire inside surface of the frame. How- 
ever, it can be formed partly on the portions facing the 
coil ends 56. In order to make the layer adhere to the 
coil ends 56, they are brought into contact with the layer 
before it dries. On the other hand, the material having 
an adhesive characteristic for a while can be used as 



the layer. An adhesive can be applied to the coil ends 
after they are in contact with the layer. 
[0048] A heat conductive insulating film or mold can 
be used instead of the layer. In this case, an adhesive 
5 material for the film or mold is selected, or an adhesive 
is applied on the coil ends in order to make the member 
adhere to the coil ends. 

[0049] A voltage regulator 60 and a rectifier 70 are 
mounted on the outer surface of the rear frame 12 and 

io covered by a cover plate 80. 

[0050] The basic operation of the alternator for a vehi- 
cle shown in Fig. 1 is described next. When the rotor 30 
is driven by an engine, field current is supplied from the 
voltage regulator 60 through the current collector 42 to 

75 the field coil 32, and a rotating field is formed so that ac 
power is generated in the armature winding 50 on the 
stator core 40. The ac power is rectified by the rectifier 
70 and supplied as the output power 
[0051] When the rotor 30 rotates, the cooling fans 33 

20 and 34 also rotate to suck air from opposite ends 
thereof and discharge radially outside. 
[0052] The cooling air taken in by the front cooling fan 
from the inlet opening 14 is divided into an air flow 
toward the coil-end portions 54 and an air flow along 

25 passages between the claw pieces 31 e to cool the rotor 
30. A part of the air flow is directed radially outward by 
the wall surfaces (e.g. 31d' in Fig. 13) of the U-shaped 
opening to the coil-end portions 54. 
[0053] The cooling air taken in by the rear cooling fan 

30 from a plurality of inlet openings of the cover 80 cools 
the voltage regulator 60, the rectifier 70 and current col- 
lector 42, and is introduced through the inlet opening 15 
and directed to the coil-end portions 55. The cooling air 
flowing along the passages between the claw pieces is 

35 directed radially outward to the coil-end portions 55 by 
the wall surfaces of the U-shaped openings of the rear 
claw pole 31b. 

[0054] Thus, the cooling airs driven by the two cooling 
fans 33 and 34 cool various parts of the alternator 1. In 
40 particular, the air flows cool the coil ends 56 forming the 
coil-end portions 54 and 55 just before they are dis- 
charged. 

[0055] The structure and operation of the coil-end por- 
tions 54 and 55 are described in more detail hereafter. 

45 [0056] As shown in Fig. 1 , the coil-end portions 54 and 
55 are disposed in the air flow passages directed to the 
outlet openings 16 and 17. Each of the coil-end portions 
54 and 55 is composed of a plurality of coil ends 56 
arranged to distribute evenly to form spaces therebe- 

so tween, each of which is as wide as the diameter of the 
wire of the coil ends. 

[0057] As shown in Fig. 2, the coil ends 56 extending 
from each of the slots of the stator core 40 is bundled 
and bonded by an adhesive 57 at a base portion in front 
55 of the slot. The spaces between the coil ends 56 other 
than the base portions are not closed by the adhesive. 
In other words, each of the coil ends 56, which form 
each of coils 51 , 52 and 53, has the spaces without the 
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adhesive except the base portion thereof. Such spaces 
are formed between coils so that each one of the coil 
ends 56 of one phase-winding is spaced apart from 
another of the same phase-winding and also of a differ- 
ent phase-winding. 

[0058] The coil ends 56 of the same phase-winding is 
divided radially into a plurality of layers a&. shown in 
Figs. 1 and 3. Each one of the coil ends 56 in an outside 
layer is disposed between adjacent two of the coil ends 
of an inside layer. In other words, one of the coil ends 56 
of one of a plurality of the layers is disposed between 
two adjacent coil ends of another layer disposed inside 
thereof. Thus, each of the coil ends of one layer is dis- 
posed between two adjacent coils of another layer dis- 
posed radially inside of the former lair. The above 
relationship is applied to the coil ends of other coil lay- 
ers. 

[0059] Although the coil ends 56 are not bonded with 
one another except the base portion, the vibration 
resistance thereof is assured by bonding of the base 
portions and by the portions of the frame in contact with 
the outside surface of the coil-end portions 54 and 55. 
[0060] The armature winding 50 inserted in the slots 
is covered by insulating films 41 to insulate the armature 
winding 50 from the stator core 40. The insulating films 
41 extend axial I y from the opposite ends of the stator 
core 40 at the base portions of the coil ends to reduce 
the spaces between the bundles of the coil ends, 
thereby providing the draft resistance. 
[0061] Accordingly, the coil-end portions 54 and 55 
are disposed on the inner surfaces of the frames 1 1 and 
1 2 very closely to increase the draft resistance of the air 
passages around the coil ends portions 54 and 55. The 
draft resistance of the base portions of the coil ends 56 
is also increased by the insulating film 41 . 
[0062] On the other hand, the coil-end portions 54 and 
55 have a plurality of coil ends 56 spaced apart from 
one another to provide a plurality of air passages, 
thereby reducing the draft resistance. Therefore, the 
draft resistance of the passages in the coil-end portions 
is smaller than the draft resistance of the passage 
around the coil-end portions. As a result, most of the 
cooling air driven by the cooling fans 33 and 34 passes 
through the inside of the coil-end portions 54 and 55, 
thereby cooling each of the coil ends effectively. As a 
result, the coil-end portions 54 and 55 are cooled very 
efficiently, thereby lowering the temperature rise of the 
armature winding 50. 

[0063] Test results of the heat dissipation of the coil 
ends are described next. 

[0064] Figs. 4 and 5 are graphs showing test results 
using alternators whose rated class are 70 A (ampere), 
100 A and 130 A when the space between each of the 
coil ends varies. Fig. 4 shows a relationship between a 
mean value of the spaces of the coil ends between the 
phase-windings and the temperature thereof, or heat 
dissipation. Each of the X-phase-winding, Y-phase- 
winding and Z-phase-winding is composed of bundled 



coil ends, and the axial ends thereof are spaced apart 
from one another. The spaces of the coil ends between 
two of the phase-windings are measured at portions 
except the base portions as mean values including par- 
5 tially bonded portions. 

[0065] Fig. 5 shows a relationship between a mean 
value of the spaces of the coil ends in the same phase- 
winding and temperature of the coil ends when a ratio 
between a mean value of the spaces of the coil ends of 
io the same phase-winding and the diameter of the wire of 
the coil ends varies. The spaces of the coil ends are 
measured at portions except the base portions as mean 
values including partially bonded portions. 
[0066] Figs 4 and 5 show that if the ratio of the space 
is to the diameter is 0.1 or larger, the temperature of the 
armature winding can be maintained at a lowest level 
(150 C° in Fig. 4, 120 C° in Fig. 5) irrespective of the 
alternator capacity. On the other hand, even if the ratio 
becomes about 1.0, the temperature of the armature 
20 winding does not change much. If the ratio becomes a 
value between 1 .0 and 1 .5, the temperature rises. If the 
ratio becomes larger than 1 , the size of the coil-end por- 
tions 54 and 55 increases, increasing the size of the 
alternator. Therefore, the preferable range of the ratio is 
25 approximately between 0.1 and 1 .0. In view of the tem- 
perature of the armature winding, the ratio being 0.5 or 
larger is desirable. 

[0067] If the ratio becomes larger than 1 .0, the follow- 
ings are presumed to raise the temperature. Fig. 6 is an 
enlarged sectional view illustrating three coil ends 56a- 
56c of the coil-end portions 54. The cooling air driven by 
the cooling fan 33 flows between the coil ends as indi- 
cated by thick arrows in Fig. 6. The cooling air blows on 
the upstream sides of coil ends 56a and 56b, which are 
disposed on the outside surface of the coil-end portions, 
and also on down stream sides thereof because the coil 
end 56c is disposed at a downstream side of the air flow 
passage. The coil end 56c is disposed at the down- 
stream side of the coil ends 56a and 56b to face the 
space therebetween, thereby receiving the cooling air 
directly, which branches into an air flow passing through 
the space between the coil ends 56a and 56c and an air 
flow passing through the space between the coil ends 
56b and 56c along the side and back surfaces of the coil 
end 56c. The arrows in Fig. 6 indicate the magnitude of 
the wind power, and the wind power exerted on the coil 
end 56c does not decrease but rather increase after 
contraction of the airflow between the coil ends 56a and 
56b. 

[0068] Thus, effective cooling air f towing along the coil 
ends can be provided by setting proper spaces between 
the coil ends. If the spaces are too small, an amount of 
the cooling air decreases and the heat dissipation 
decreases. On the other hand, if the spaces are too 
large, the cooling air does not blow on the surfaces of 
the coil ends properly. Therefore, boundary breakaway 
layers of the cooling air are formed to lower the heat dis- 
sipation. 
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[0069] The cooling fans 33 and 34, which rotate with 
the rotor, are disposed closely to the inside surfaces of 
the coil-end portions 54 and 55, which are disposed at 
a position where the air blow of the cooling fans 33 and 
34 is strongest. Therefore, the cooling fans 33 and 34 
blows high speed air into the inside of the coil -end por- 
tions 54 and 55 in addition to the air driven by the differ- 
ence in the resistance of the draft between the 
surrounding and the inside of the coil-end portions 54 
and 55, thereby dissipating the heat effectively. Conven- 
tional coil-end portions which have dense coil ends 
without any space are required to have a certain dis- 
tance from the cooling fans to suppress the noises. For 
instance, about 5 % of the diameter of the fans is neces- 
sary for the distance. Since the coil-end portions 
according to the present invention have numerous 
spaces, the pitch noises due to the reflected waves 
caused by collision of the wind can be minimized, and 
the pressure wave height can be lowered by the suffi- 
ciently low draft resistance, thereby reducing the siren 
sound. As a result, the coil-end portions can be dis- 
posed near the cooling fan as closely as 2 % of the 
diameter of the cooling fan without increasing the 
noises. 

[0070] The above-described embodiment improves 
the heat dissipation of the coil-end portions and 
increases the output power, in particular, the tempera- 
ture rise (due to Joule heat) of an alternator having the 
auxiliary magnet unit for increasing the output power 
can be suppressed so that a resinous insulating mate- 
rial having low temperature resistance can be used. The 
auxiliary magnet unit increases the magnetic flux, so 
that the number of turns of the armature coil 50 can be 
reduced and the coil-end portions 54 and 55 can pro- 
vide the spaces easily, thereby providing a compact, 
powerful and highly efficient alternator. 
[0071] In the above-described alternator, each of the 
coil-end portions has a plurality of evenly-distributed coil 
ends which are disposed to form a cluster of stars in the 
passages of the cooling air. However, they can be dis- 
posed as shown in Figs. 7-10. 

[0072] In Fig. 7, clusters of the coil ends 50a, 50b, 50c, 
50a', 50b' and 50c' are disposed to have comparatively 
small spaces so that they are inclined by an angle 
between 61-64 to the axial direction to extend toward 
the center of the alternator. Between the clusters, there 
are wedge-shaped spaces. The coil end 56 in this 
embodiment is not in contact with the frame 1 1 . There is 
a much smaller space between the coil end 56 and the 
frame 1 1 than the mean value of the spaces between 
the coil ends. 

[0073] The clusters of the coil ends 50a and 50b are 
inclined to the direction of the air blow from the cooling 
fan 33 to introduce the cooling air to the rear side. The 
clusters of the coil ends are inclined to the opposite 
direction to introduce the cooling air to the front side. 
[0074] As shown in Fig. 8, the clusters of the coil ends 
50c, 50d can be formed in line with the axial direction. 



For instance, the clusters of the coil ends 50c and 50d 
are formed in each of the X, Y and Z-phase-windings 
and are put on top of one another to form the coil-end 
portion 54. There are comparatively large spaces open 

5 to the axial end of the coil-end portions 54 between the 
clusters of the coil ends 50c and 50d. The space 
between the outer cluster of the coil ends 50c and the 
frame 11 is smaller than the mean value of the spaces 
between the coil ends. 

10 [0075] The cooling air driven by the cooling fan 33 
flows from the axial end of the coil-end portion 54 as 
indicated by arrows in Fig. 8 and passes through the 
spaces between the clusters of the coil ends. 
[0076] The coil-end portions can be tapered to cover 

15 the cooling fan as shown in Fig. 9. That is, the coil ends 
are inclined at an angle e so that the inside surface of 
the coil-end portions 54 is in parallel with the outer 
periphery of the cooling fan 33. 

[0077] Accordingly, a wider space can be provided for 

20 the coil-end portions 54, thereby providing more spaces 
can be provided between the coil ends. As shown in Fig. 
9, the distance D between the coil ends 56 disposed on 
the outermost layer of the coil-end portions 54 and the 
frame is about the same as the diameter d of the wire of 

25 the coil end 56. Thus, sufficient spaces can be provided 
between the coil ends to reduce the resistance of draft, 
thereby introducing the cooling air between the outside 
surface of the coil-end portions and the frame. 
[0078] The coil-end portions shown in Fig. 9 can be 

30 formed to be in contact with the frame when they are 
mounted inside the frame to increase the contact sur- 
face thereof with the frame, thereby increasing the heat 
transmission. In addition, all the coil-end portions can 
be exposed to strong blows of the cooling air so that the 

35 cooling fan can be used effectively. 

[0079] The single-layer wave-wound coils shown in 
Fig. 2 can be changed to double-layer wave-wound 
coils. The double-layer wave-wound coils provide not 
only the coil ends of each of the phase-winding but also 

40 the coil ends of two-layered clusters of the coil ends, 
thereby providing many spaces in the coil-end portions 
by comparatively simple manufacturing process. Such 
double-wound coils are disclosed in J P-B2 -3-73225 and 
in Figs. 10, 11 and 12, where double-layer 27i/3-short- 

45 pitch wave- wound coils are disclosed. In the double- 
layer 2it/3-short-pitch wave-wound coils, the coil ends 
thereof extend from the same slot to opposite direc- 
tions. Therefore, the spaces between the coil ends can 
be provided easily. As shown in Fig. 10, one coil of each 

so of the three phase-windings is disposed in every two- 
pole pitch. In addition/one of the coils 51 a, 52a and 53a 
of a first layer and corresponding one of the coils 51b. 
52b and 53 of a second layer are shifted by an electric 
angle of 60 °C from one another. 

55 [0080] As shown in Fig. 1 , the auxiliary magnet unit 35 
functions a barrier of the cooling air flow and the side 
walls of the U-shaped openings between the claw 
pieces of the pole core drive the cooling air radially out- 
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ward. However, it is possible to have a specific plate 370 
on the rotor 300 shown in Fig. 13 instead of the above- 
described portions. It is also possible to provide fan 
blades 331 and 341 of the cooling fans 330 extending 
from the wall surfaces of the U-shaped openings to 
increase the fan capacity. 

[0081] The present invention can be applied to an 
alternator having an outside cooling fan as shown in 
Fig. 14. The cooling fan 331 disposed on the front side 
thereof takes the cooling air from inlet openings 1 40 and 
150, which are formed on the outer periphery of the 
alternator, into the inside of the alternator and dis- 
charges it from the alternator. Therefore, coil-end por- 
tions 540 and 550 can receive fresh cooling air directly 
from the outside and can be cooled effectively. It is 
important that a plurality of coil ends are evenly distrib- 
uted in the passages of the cooling air, and that the 
resistance of draft inside the coil-end portions is lower 
than the that around the coil-end portions. 
[0082] In the embodiments described above, round 
wires are used for the armature winding 50. However, 
wires having some other shape 
such as polygonal wire can be used. For instance, a 
chamfered square wire 560. which is composed of cop- 
per wire 560a and resinous insulating layer 560b as 
shown in Fig. 15, is preferable in view of abrasion resist- 
ance, workability and heat dissipation. In order to 
improve the abrasion resistance and the heat dissipa- 
tion, the thickness of the insulating layer is reduced to 
80 % - 40 % of the thickness of the second class insu- 
lating layer, which is as thick as 400*i - 200*1, for exam- 
ple. Such wires can be obtained as the name of "super 
work-resistive coating magnet wire" of Furukawa Denko 
Inc. or "Wear Resistant Thin Layer Magnet Wire" of 
Sumitomo Denko Inc. 

INDUSTRIAL APPLICABILITY 

[0083] According to the present invention, spaces 
between wires of the coil-end portions are provided so 
that the coil-end portions can be cooled by cooling air 
passing through the spaces and the temperature rise of 
the coil-end portions can be suppressed. The present 
invention can be applied to alternators for vehicles to 
decrease the size and increase the output power 
thereof. 

Claims 

1 . An alternator for a vehicle including a stator core 
fixed to a frame on which a three-phase armature 
winding having coil-end portions composed of a 
plurality of coil ends is formed, a rotor disposed to 
face said stator core and means, driven by said 
rotor, for generating cooling air flowing in said 
frame, wherein 

said coil ends of said coil-end portions are 



spaced apart from one another to form a clus- 
ter-shape in a section to form a plurality of 
spaces so that said cooling air passes through 
said spaces. 

5 

2. An alternator as claimed in claim 1 , wherein 

said coil ends of said coil-end portions are 
spaced apart from one another to have said 

10 spaces in each of three phase-windings, said 

coil ends are divided into two layers of one of 
said phase-windings to extend from base por- 
tions thereof at an angle from each other, 
thereby forming spaces between said base 

75 portions. 

3. An alternator as claimed in claim 1 or 2, wherein 

each size of said spaces in said coil-end por- 
20 tions is between about 1/10 and the same of 

the diameter of a wire of said armature wind- 
ing. 

4. An alternator as claimed in claim 1 , wherein 

25 

a plurality of said coil ends extending from one 
of slots of said stator core are bonded by an 
impregnant adhesive only at said base portions 
to close said spaces. 

30 

5. An alternator as claimed in claim 1 , wherein 

said coil-end portions have different sized 
spaces, and spaces along air flow passages 
35 are larger than other spaces. 

6. An alternator as claimed in claim 5, wherein 

said larger spaces are disposed at axial ends 
40 of said coil -end portions. 

7. An alternator as claimed in any one of claims 1-6 
further comprising a cooling fan rotatable with said 
rotor at a radially inside of said coil-end portions, 

45 one ends of said coil- end portions are disposed 
radially inside the inner periphery of said stator 
core, and said coil-end portions are tapered to 
cover said cooling fan. 

so 8. An alternator as claimed in any one of claims 1 -3, 
wherein 

said coil -end portions are disposed near said 
frame at a distance approximately equal to a 
55 size of said spaces. 

9. An alternator as claimed in any one of claims 1-3, 
wherein 
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said coil-end portions are in contact with said 
frame so that heat of said coil ends can be 
transmitted to said frame. 

1 0. An alternator as claimed in claim 8 or 9, further 
comprising a flexible heat conductive insulating 
member disposed near or in contact with said coil- 
end portions. 

11. An alternator as claimed in claim 1 or 4, further 
comprising: 

insulating films disposed between said arma- 
ture winding and said stator core for insulating 
from each other, wherein 
an axial end of said films extends from an axial 
end of said stator core to close spaces 
between said coil ends and said stator core at 
said base portions thereby providing the resist- 
ance of draft so that more quantity of said cool- 
ing air can be introduced into said spaces in 
said coil-end portions than said spaces 
between said coil-end portions and said stator 
core. 

12. An alternator as claimed in claim 1 or 7. further 
comprising a centrifugal cooling fan rotatable with 
said rotor disposed radially inside said coil -end por- 
tions closely thereto, whereby said coil-end por- 
tions are disposed in an area where said wind 
power driven by said cooling fan is the strongest. 

13. An alternator as claimed in claim 12, wherein 



17. An alternator for a vehicle as claimed in claim 1, 
wherein 

each of said coil-end portions of said armature 
s winding is formed by dividing wires extending 

from the same slot into two groups respectively 
directing opposite circumferential directions. 

18. An alternator as claimed in claims 17, wherein 

10 

said armature winding comprises double-lay- 
ered wave-wound windings. 

19. An alternator as claimed in claim 17, wherein 

15 

said armature winding comprises double-lay- 
ered 27i/3-short-pitch windings. 

20. An alternator as claimed in any one of claims 1 7-1 9, 
20 wherein 

each of layers of said double-layered winding is 
shifted from each other to reduce the resist- 
ance of draft between said layers, thereby 
increasing the heat dissipation. 



25 



30 



said rotor has a Lundell type pole core, said 35 
cooling fan and a barrier member for closing U- 
shaped openings of a disc portion of said pole 
core thereby forming wall surfaces of said U- 
shaped opening into a fan. 

40 

14. An alternator as claimed in claim 13, wherein 

said barrier member is disposed to correspond 
to an end of said stator core. 

45 

15. An alternator as claimed in claims 13, wherein 



said barrier member is a non-magnetic mem- 
ber disposed between poles of said pole core, 
a permanent magnet having the polarity to sup- so 
press leakage flux between said poles, or a 
magnet holder. 



1 6. An alternator as claimed in any one of claims 1-11, 
wherein 55 

; • i 

said cooling air is introduced from radially out- 
side said coil-end portions. 
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